Summary: We compared newly developed radionuclide cystography with conventional contrast voiding cystography (VCG) with regard to their diagnostic usefulness of intrarenal reflux (IRR) in children. Based on the imaging findings, we assessed the role of IRR in the pathogenesis of reflux nephropathy (RN). Among the ureters which revealed IRR diagnosed by radionuclide cystography, 38.9% (7 out of 18 ureters) of the cases examined by VCG had IRR. In the case of VCG, the sensitivity and specificity of IRR detection were 33.3% and 100%, respectively. There was a statistical correlation between the presence/absence of IRR and vesicoureteral reflux (VUR). RN was significantly correlated with advanced grade of VUR associated with IRR. Among 9 kidneys of the subjects who had suffered from urinary tract infection (UTI) only once, IRR was detected in 33.3% (3/9) and RN in 66.7% (2/3). From these findings, conventional contrast VCG is considered not effective for the diagnosis of IRR. Moreover, it is suggested that VUR complicated with IRR is deeply associated with the development of RN. In addition, it is suggested that UTI might be related to the onset of IRR.
INTRODUCTION
Twenty years have passed since urinalysis started to be used for screening in schools all over Japan. After early detection of chronic glomerulonephritis became possible, there has not been a big increase in the number of cases of advanced renal failure. At present, reflux nephropathy (RN), which is causative of pediatric endstage renal failure, has emerged as a critical clinical problem [1] . Many problems regarding its diagnosis and the pathogenesis of RN remain to be solved. Conventional contrast voiding cystography (VCG) has been the only method used in the diagnosis of Intrarenal reflux (IRR). However, both radiation exposure and its diagnostic reliability have been debated. Furthermore, there has been no agreement regarding the factors as the onset and deterioration of RN.
Various studies on the factors contributing to pathogenesis of RN, such as pyelonephritis, vesicoureteral reflux (VUR) and IRR, have been reported [2] . However, as far as we have searched, there has been no report which elusidated pathogenesis of RN, because no definitive method to assess IRR in humans has been developed as yet. The purpose of our study was to investigate the method for IRR diagnosis using radioisotopes (RI), which we had newly established, and to study the diagnostic value of conventional VCG [3] . Also, we investigated the relationship between IRR and onset and development of RN.
MATERIALS AND METHODS
The clinical background and characteristics of the patients are shown in 
DISCUSSION
In the present study, we evaluated a new method to examine IRR, namely, the modified DTPA-CG which was developed by conventional RI-CG. As radioisotope for cystography, 99mTc-pertechnetate or 99mTc-DTPA has been utilized. Since it has been difficult to evaluate VUR in detail, a conventional method has been applied for screening of VUR. The benefit of our new method is to detect IRR accurately by setting ROI at the renal parenchyma precisely, through performing intravenous injection of 99mTc-DTPA in addition to RI-CG. Moreover, even mild IRR can be detected operator-independently, because the results can be obtained as a percent uptake. On the other hand, diagnosis with conventional contrast VCG has various problems such as radiation exposure, operator-dependent technique, and low detectability unless IRR is advanced.
In this study, 66.7% of IRR (12/18 ureters) was not detected by conventional contrast VCG, although modified DTPA-CG revealed IRR in those 18 ureters. Whereas, VCG-detected IRR were confirmed on modified DTPA-CG, which proved the significant usefulness of modified DTPA-CG in the diagnosis of IRR. Statistical analyses showed that the detection of IRR by VCG was low in sensitivity and negative predictive value, resulting in a high number of falsenegatives. VCG may fail to detect IRR because about half of ureters diagnosed as grade I may have IRR. Although VCG has been used as the standard examination method to diagnose IRR, our study suggests that conventional contrast VCG fails to demonstrate IRR due to its low sensitivity.
Data of IRR and RN showed that renal scarring was seen at the same sites with IRR which was shown on modified DTPA-CG. Also, the association of IRR with the onset of RN was suggested, because patients with grade N showed a significantly high occurrence of IRR. It has been confirmed that urine once refluxed from the ureter to the renal pelvis goes back to the glomerulus via the proximal tubule [5] . Therefore, when there is urinary reflux into the kidney, glomerular impairment progresses into RN due to overloading of the glomerulus.
As a cause of IRR, destruction of the reflux preventive mechanism at the renal papilla is caused by developing a compound type from a simple type which is a physiologic condition of this mechanism, because of upper UTI such as pye'itis [6, 7] . However, no agreement has been reached regarding the pathogenesis of this development. Some authors reported that a single morphologic change of the renal papilla was the cause, whereas, others reported that repetitive morphologic changes of the renal papilla were the cause [8] [9] [10] .
There are various opinions regarding the role of UTI in the onset of RN. Roberts et al. [11] reported that renal scarring did not occur with aseptic urine, though it did occur in case of infected urine in animal models in which IRR was induced experimentally by VUR. However, other researchers reported that renal hypoplasia and renal dysplasia were observed even without infection in VUR models prepared in sheep fetus [12] . Another study showed that first time or several times reflux caused renal scarring even without UTI when there were high pressure VUR and IRR [13] . In our study, the possibility that when there is VUR, IRR may occur even after only one episode of UTI, was suggested. It s presumed that UTI and RN onset are closely related because RN was observed with high prevalence in patients with IRR, even with in those who had had UTI only once. Therefore, we consider that management of UTI including administration of chemical prophylactic antibiotics is clinically important in patients with renal reflux.
Becu et al. [14] pointed out that renal scarring in case of RN is attributed to an abnormal renal development. When a metanephric bud occurs at the caudal site instead of at the Wolffian duct, malformation of the trigonum vesicae may happen, which would result in VUR associated with translocation of the ureteral opening. At the same time, renal hypoplasia or dysplasia may be induced by the reduction of metanephric embryonic tissue. Further studies are necessary to elucidate the factors leading to the onset of RN, because we did not investigate congenital renal malformation in patients with RN in this study.
In conclusion, it is suggested that VUR-induced IRR is a key factor in the development of RN, that is renal scarring mechanism.
Also, the severity of VUR as the factor that induces IRR is suggested to be profoundly related to the occurrence of RN, not only the degree of pressure at the renal papilla contributes to the development of IRR but also UTI plays a role. It is suggested that vesicoureteral surgery will prevent renal failure by preventing IRR which may result in renal scarring.
